Men who have sex with men (MSM), and especially MSM of color, are disproportionately affected by HIV. Previous research shows that MSM have high levels of racial/ethnic homophily (the tendency for people to have sex with others who share the same racial/ethnic identification) in sexual dyads, which may help explain HIV disparities. This study fills a gap in previous research by grounding network data from a cohort study of young MSM in Chicago (RADAR) in the contexts of virtual spaces (VSs) and examining differences in levels of racial/ethnic homophily using multilevel-logistic-regression models. Results show that Grindr differs from other VSs in proportions of racially/ethnically homophilous dyads and by partner racial/ethnic identification. After controlling for general homophily trends, sex partnerships formed on Grindr by Black MSM were significantly less likely to be homophilous than those of White MSM. While racial/ethnic groups differ in likelihood to form homophilous partnerships, this trend varies by VS.
Background
Since the start of the AIDS epidemic, HIV has disproportionately affected men who have sex with men (MSM). As of a 2015 Centers for Disease Control and Prevention (CDC) report, MSM accounted for more than half of the 1.2 million people living with HIV in the United States (US), and for about two-thirds of all new infections each year [1] . Moreover, disparities exist within subgroups of MSM. Black MSM have higher prevalence and incidence of HIV than other MSM racial/ethnic groups; in the US, Black MSM accounted for the highest numbers of both new and existing diagnoses of HIV in 2014, despite comprising around 1% of the population [1] [2] [3] [4] . In 2014, the prevalence of HIV among Black MSM was estimated at 36.0%, more than twice the prevalence among White and Hispanic MSM (14.8% and 17.2%, respectively) [5] . Despite the greater burden of HIV in Black MSM, several studies have found that Black MSM report similar rates of condom use, less substance use, and fewer sexual partners than White MSM [6] [7] [8] . As individual behavior cannot fully account for HIV disparities, researchers have examined social-contextual and network factors to improve their understanding of these disparities [9] . Investigation into sexual networks of MSM has provided new insights into how HIV spreads within MSM communities, and has also led to compelling explanations of racial/ ethnic health disparities. For example, one study of young MSM (YMSM) in Chicago found that while there were no individual-level differences in HIV risk behaviors, differences were found between White MSM and Black MSM in partner characteristics-Black MSM were significantly more likely to have sex partners who were older, Black, and serious partners [8] .
Homophily, or the tendency for people to associate with others similar to themselves, has been shown to be a common feature of social relationships. Notably, racial and ethnic homophily creates the strongest divides in social networks; however, networks are also structured around gender, age, education, attitudes, and behavior [10] . This homophily 1 3 is shaped by a number of selection forces at the individual and environmental level that make it easier for those with similar attributes to form and maintain relationships with each other; additionally, homophily is closely related to social influence, where the opinions, attitudes, and behaviors of people can greatly influence the opinions, attitudes, and behaviors of similar-others in their social networks [10] . Recent studies among the sexual networks of MSM confirm the importance of racial/ethnic homophily and have found high levels of racial/ethnic homophily within sexual dyads, wherein people are more likely to have sex with others who share the same racial/ethnic identification [8] . Additionally, qualitative studies have shown that White MSM are perceived to be the most desirable by all MSM, whereas Black and Asian MSM are seen as the least desirable [11] . While racial/ethnic homophily is widespread within the sexual networks of MSM, this dispreference for Black MSM and potentially other MSM of color may explain differing levels of racial/ethnic homophily and other network measures between racial/ethnic groups [8] .
In the past few decades, MSM have increasingly been using online platforms to meet sex partners, with estimated proportions of MSM who use the Internet to meet people ranging between 75 and 85% [8, 12] . But in recent years with changing mobile technologies, studies have also shown that MSM are increasingly using Internet-enabled geosocial networking applications (GSNAs) to meet other men (for both sexual and non-sexual partnerships) [13] [14] [15] -for example, Grindr, a popular GSNA, reports more than 3 million daily active users in 234 different countries as of 2017 [16] . Similar to physical spaces, the users of these various GSNAs also have observable social norms, and norms can differ between virtual spaces. A study of social media users found that users negotiated what kind of content they would post on different social media platforms based on whether content was "appropriate" (i.e. normative) for that platform [17] , and norms can be found on GNSAs as well. For example, Blackwell et al.'s series of qualitative interviews with Grindr users showed common social behavioral norms such as ignoring or blocking profiles without a picture of the user's face, resulting in a normative social incentive to create an identifiable and coherent profile in that space [18] .
Furthermore, we can conceptualize these social norms within virtual spaces (VSs) as distinct and distinguishable from social norms in physical spaces, as people develop strategies for managing their online image and self-presentation that are specific to VSs and not found in physical spaces [19] . Blackwell et al. also make this distinction in their critical approach to virtual social spaces, arguing that GSNAs allow for the complex layering of both physical and online boundaries which could result in distinct dual presentations of identity-e.g. when MSM were using Grindr but were physically present in "straight" spaces, their physical presentations of sexual identity and virtual presentations of sexual identity on Grindr could be at odds [18] . Thus, online and virtual presentations of the self and self-identity cannot be reduced to mere reflections of physical presentations, as users are able to strategically manage their online self-presentation (in different ways than they do offline). For example, a content analysis of profiles on another popular GSNA for MSM called Jack'd found significant differences between profiles of MSM in different racial groups [14, 16, 20] . In the sample, Black men more frequently discussed their masculinity than MSM in other racial/ethnic groups. Similarly, Asian MSM presented descriptions of sexual position preference in their profiles much less than other MSM. Additionally, in a study of Grindr profiles, differences between racial/ ethnic groups of MSM were found in disclosing race/ethnicity on their Grindr profiles-White MSM had the highest rates of displaying race/ethnicity at 65.6% as compared to Black, Latino, and Asian MSM who were at 11.9%, 10.9%, and 2.4%, respectively. These are both examples of unique online strategies for managing self-presentation that are not found offline-in physical spaces, MSM are limited in their ability to affect how others perceive their masculinity or their race/ethnicity, whereas online those self-presentations can be managed through profiles.
Although there has been research on sexual scripts within MSM in various contexts [21, 22] , sexual network analyses with MSM, and in particular YMSM, thus far have not taken into account the differing social norms within the spaces in which YMSM meet sex partners [8, 23, 24] . Few studies have focused on the role of virtual and situational social norms on the sex networks of YMSM, and on sex behaviors that occur from partnerships developed through GSNAs. This analysis will bridge this gap by analyzing the sexual networks of YMSM as they are situated in various VSs. As Grindr was the most reported VS for meeting sex partners, this analysis will attempt to contextualize sexual decision making in Grindr's particular social norms to explain why racial/ethnic differences in sexual network structures may occur. Thus, the aim of the current study is to examine racial/ethnic homophily in the sexual networks of YMSM in VSs by comparing the networks of partners met on Grindr to those met in other VSs.
Methods

Participants
Data for this paper were collected from RADAR, an ongoing cohort study of racially/ethnically diverse YMSM in Chicago. To be enrolled in the RADAR study, participants must be between 16 and 29 years of age, assigned male sex at birth, and speak English. Moreover, participants must report having had sex with a man in the past year or identify as gay or bisexual. Every 6 months, participants complete a network interview and a psychosocial survey, and provide biological samples for HIV and sexually transmitted infection (STI) testing. In social network terminology, participants are called the egos, and the people who populate their networks (i.e. the partners that they list during the network interview) are called alters [25] .
Ego-Level Attributes
Participant-or ego-level data were primarily collected through a self-administered computer survey. This survey assesses various psychological and social metrics such as demographic information, substance use behaviors, and strength of personal relationships. From this survey, the variables used were: age, gender, sexual orientation, education level, employment status, and race/ethnicity. Looking at ego race/ethnicity specifically, participants could select as many options as were applicable from the following list of racial categories: "American Indian or Alaska Native;" "Black/ African-American;" "Asian;" "Native Hawaiian or Other Pacific Islander;" "White;" and "Other." In a separate question, participants were asked if they identified as Hispanic or Latino. Following the CDC approach, if any participant marked themself or any alters as Hispanic, they were coded as Hispanic (thus, the Hispanic category may contain participants of any racial category) [26] . Next, any selection of the established categories was coded as such (e.g., the "White" and "Black" categories in this study contain only non-Hispanic White and non-Hispanic Black YMSM). Any participant who wrote in several racial categories or a variant of "Multi-Racial" was coded as "Multi-Racial." Lastly, any participant whose answer did not fit one of the above was coded as "Other." Furthermore, all study participants had finger stick blood tested for HIV at the time of their baseline study visit using the Alere™ Determine™ HIV 1/2 Ab/Ag Combo 4th generation point of care (POC) test. All subjects who test "preliminary positive" on POC HIV tests received lab-based confirmatory testing following the current CDC HIV testing algorithm guidelines [27] .
Alter-Level Attributes
Partner-or alter-level data were primarily collected through the social network interview. In RADAR, network data are collected through an interviewer-assisted touchscreen-enabled application called netCanvas-R [28] . Study participants are prompted to name their social, sexual, and drug use partners within the past 6 months; provide information on these alters (e.g., relationship role, age, gender, race/ethnicity); and create links between alters in a participant aided sociogram approach [29] . All alter-level data collected through the network survey are treated as perceived (e.g. perceived HIV status, perceived age) because the data are reported from from the ego's viewpoint. The alter-level variables used were: age, gender, sexual orientation, race/ethnicity, HIV status, location met (online vs. elsewhere), and the specific application on which they met. The alter race/ethnicity variable was coded in the same way as the egos' race/ethnicity. Using both ego and alter race/ethnicity, a variable for racial/ ethnic homophily was created where a sexual dyad was considered homophilous if both ego and alter were within the same racial/ethnic category.
Analytic Sample
A flowchart of how the analytic sample was obtained is found in Fig. 1 . Although RADAR is a longitudinal study, this paper only uses baseline data that were collected as of June 22, 2016 . Of the 773 individuals who completed a study visit by this date, only participants who reported meeting at least one sex partner online or through mobile applications were included within the analytic sample. At baseline, 677 participants (87.6%) reported meeting at least one sex partner, for a total of 2254 sex partners. Of those 677 participants, 429 participants (63.4%) reported meeting at least one sex partner online or through mobile applications for a total of 1183 sex partners (52.5%). Of these 429 participants, there were two who identified with unlisted racial categories and only one who identified as "Native Hawaiian or Other Pacific Islander." These participants' data were excluded due to extremely low cell counts that prevented our ability to investigate racial/ethnic homophily. Additionally, because there is racial/ethnic heterogeneity within multiracial people as an analytic group, homophily measures are inadequate in characterizing partnerships between multiracial people. Thus, the 36 participants who identified as multiracial were also excluded from this investigation. Lastly, 18 egos did not identify as male and were also excluded from this investigation. The final analytic sample thus contained 372 egos connected to 1022 alters that were met online or through mobile applications.
Statistical Analysis
Data cleaning and coding, as well as univariate analyses at the alter and ego level, were conducted in R using the generalized linear models (glm) package for binomial and multinomial logistic regression [26] . Since RADAR collects nested network data (egos reporting on sets of alters), pooled regression analyses would result in biased/invalid statistical estimates. Thus, each alter is treated as a unit of analysis within the ego. Differences within an ego's alters constitute within-level variation. Conversely, the differences between egos are treated as between-level variation. A statistical model which treats these variations as separate is necessary; thus, multilevel logistic models are able to account for these two levels of variation. Consequently, multilevel analysis was used to account for this nested variance structure [30, 31] . Multilevel analyses using random intercepts, random slopes, and accounting for between variation at the ego and within variation at the alter level were conducted using Mplus [32] . The main analysis was a multilevel logistic model, with racial/ethnic homophily as the outcome variable. The between-level variables used were the racial/ethnic categorizations of the egos, with White egos used as a reference group. Additionally, the slope of Grindr was allowed to vary by the between-level racial/ethnic categories, again with White egos as the reference group. An additional measure of homophily called the E-I index was calculated for each ego [33] . The E-I index is calculated using this ratio:
where E denotes the number of external (or heterophilous) ties and I denotes the number of internal (or homophilous) ties. A negative E-I index suggests a generally homophilous network of partners, and vice versa.
Results
Ego Demographics
Descriptive statistics of egos are shown in Table 1 . In the analytic sample of 372 egos who had met at least one sex partner online or through GSNAs, the mean age was 21.9 years. All egos were cisgender men. Most of the sample identified as gay (76.1%), with 65 (17.5%) identifying as bisexual. The sample was also racially/ethnically diverse, with similar proportions of White (30.1%), Black (31.7%), and Hispanic (35.2%) participants. However, Asian participants (3.0%) were underrepresented in the sample.
Sex Alter Demographics
Sex alter demographics are also located in Table 1 . In the analytic sample of 1022 alters, the mean age was 25.8 years. Most (96.3%) were men, and 830 (81.2%) identified as gay or lesbian, followed by 110 (10.8%) who identified as bisexual. In terms of race/ethnicity, there were 442 (43.2%) White 
Partnership Characteristics
Within the sample of egos who reported meeting at least one sex partner online, 426 egos reported a total of 1789 sex partners. The majority of these partners-1179 (65.9%) were met online or through GSNAs; the remainder were met 
Homophily
Within an unconditional random intercepts model (i.e., a null model with no predictors) of racial/ethnic homophily, there was significant residual variance of racial/ethnic homophily between egos (σ 2 = 4.10, p < 0.001). This residual variance allows for the addition of more predictors, such as the location of platform where partners were met. When the online platform (Grindr vs. other VSs) was added as a predictor, there was a significantly negative effect on homophily [odds ratio (OR) 0.47]. This means that on average, sex partners met on Grindr were about half as likely to be homophilous partnerships than sex partners met in other VSs.
As use of Grindr was significantly associated with racial/ ethnic homophilous partnering, race/ethnicity of ego was added to the model to look at differences in homophily by race/ethnicity. Among YMSM who met partners on Grindr, there were no differences in levels of racial/ethnic homophily between Hispanic, White, and Asian egos (Table 2) . However, Black egos were significantly less likely than White egos to have racially/ethnically homophilous sex partners met on Grindr (OR 0.05). Looking at VSs other than Grindr, Hispanic and Asian egos all reported significantly fewer homophilous sexual partnerships than White egos (OR 0.18 and OR 0.03, respectively). Although some of these point estimates are rather small and might be driven by smaller cell sizes (further explained in Table 3 ), confidence intervals shown in Table 2 remain fairly tight. Conversely, on VSs other than Grindr, Black egos were more likely to report homophilous partnerships than White egos (OR 2.15), although this association was marginally insignificant (p = 0.07). At least for Black egos, this was a reversal of general racial/ethnic homophilous trends-on VSs outside of Grindr, Black YMSM were the most likely to have homophilous sex partners, but within Grindr, Black YMSM were significantly less likely to have homophilous sex partners. Table 4 shows the number of egos who have met at least one sex partner on Grindr or on another virtual space (egos who use multiple virtual spaces to meet partners may be in Table 3 shows a more in-depth look at the dyadic partnerships by ego and alter race/ethnicity, and then by VS. Table 3 also shows the E-I index for each racial/ethnic group, where homophilous ties are considered internal links and heterophilous ties are considered external links [33] . The E-I Index significantly varied by race/ethnicity overall (F = 19.38, p < 0.01) and for both Grindr (F = 7.16, p < 0.01) and other VSs (F = 16.36, p < 0.01). Looking at rates of homophily across all virtual spaces, 92 (79.3%) of white participants, 105 (82.0%) of Black participants, 75 (55.6%) of Hispanic participants, and 2 (18.2%) of Asian participants all reported at least one racially/ethnically homophilous sex partnership.
Race/Ethnicity of Partners
Comparing alter and ego race/ethnicity, alter racial/ethnic proportions are similar between Grindr and other VSs for all ego racial/ethnic groups except for Black YMSM. Focusing on the partner proportions of Black YMSM, on Grindr the majority of Black egos' sex partners (24, 42.1%) were Hispanic, followed by White partners (20, 35 .1%)-only 19.3% were also Black. In contrast, on other VSs, the vast majority of Black egos' sex partners were also Black (168, 79.6%).
Discussion
In general, we found high levels of racial/ethnic homophily in the sexual networks of YMSM in VSs, which corroborates previous research on the composition of sexual networks of YMSM [34] . This supports our hypothesis that YMSM are generally racially/ethnically homophilous with their sex partners, both in physical spaces and in VSs. However, these trends in racial/ethnic homophily are not monolithic. In fact, there was significant variation in levels of racial/ethnic homophily by both ego racial/ethnic identification and by VS (Grindr vs. others). In our study, Black YMSM had significantly fewer racially/ethnically homophilous partnerships formed through Grindr than White YMSM, even after controlling for general racially/ethnically homophilous trends of YMSM. One possible explanation for this finding may lie in the diverse nature of VSs. As physical spaces, and notably metropolitan areas like Chicago, remain highly segregated along racial/ethnic lines, VSs may be less segregated than physical spaces, providing users of differing racial/ethnic backgrounds with more opportunities to interact with one another [8, 23] . As VSs are much less limited by physical location, social interactions (and subsequently, sexual encounters) that are more difficult to facilitate in physical spaces may become more commonplace in VSs [35] . Interactions between MSM of different racial/ethnic groups or between MSM who do not frequent the same physical spaces are therefore more accessible, thus leading to less racial/ethnic sexual homophily.
That being said, not all VSs may be conducive to racial/ ethnic heterophily. GSNAs are unique VSs in that users are grounded in a physical location. Looking at Grindr specifically, users are presented with a list of people within a certain geographical proximity, with whom they can interact. Thus, to facilitate an initial interaction, two Grindr users must be within a certain distance of each other (although, subsequent interactions are not limited in this way). Therefore, social interactions on Grindr between MSM who do not frequent the same physical spaces are only facilitated insofar as those men are at some point in the same area. Similar to effects of urban segregation, racial/ethnic mixing on Grindr is consequently inihibited by this feature. Relative to other VSs, Grindr may only facilitate racial/ethnic mixing as long as men are in close proximity within a diverse neighborhood.
Additionally, this explanation does not justify why Grindr is only associated with less homophily for certain racial/ethnic groups (namely Black MSM), and moreover, why Black MSM are more homophilous on VSs other than Grindr. Our findings on Black homophily add nuance to previous research on variations in levels of racial/ethnic homophily, which have found that Black MSM are highly homophilous, [36] [37] [38] but did not account for social spaces in which partnerships were identified. Thus, the answer may lie in the kinds of men that use Grindr and in the social norms of Grindr as a VS. As shown in Table 3 , Black MSM tended to meet partners through other VSs, while White MSM and other racial/ethnic groups were somewhat split between the two categories. White MSM in the sample had the largest 
Limitations
Due to how race/ethnicity was coded, estimates of multiracial homophily in sexual dyads are difficult to interpret, and thus multiracial homophily was not included in this analysis. For example, a sexual dyad between a biracial White MSM and a monoracial White MSM would be coded as heterophilous, despite the two partners sharing a racial identification of "White." The exclusion of multiracial people from this investigation should be a topic for future investigation. Although the sample was racially/ethnically diverse, the dataset suffers from low cell counts of egos and alters in certain racial categories (namely Native American, Native Alaskan, Native Hawaiian, Asian, and Pacific Islander MSM), which affects the estimation of logistic regression models. Different coding of participants' responses to race (such as aggregating categories or interpreting open responses) could dramatically change results in other studies, and comparisons between past studies and future investigations need to be carefully and explicitly examined with respect to coding methodologies. Moreover, in terms of generalizability, part of the sample was recruited through partner and peer recruitment, a possible source of selection bias, and all the data in this analysis are self-reported from the viewpoint of the egos. As the race/ethnicity of alters was based on the ego's perception rather than on self-report, there is potential for bias and inaccurate reporting; however, another study of sexual networks of YMSM found a high degree of accuracy in perceived race/ethnicity, strengthening its use within this analysis [40] . Furthermore, it is also possible that selection effects may play a role in how levels of homophily differ by virtual space. However, among the egos in the analytic sample, a Chi squared model comparing partners met online vs. those met offline showed that levels of homophily were significantly different between the two groups of partners (χ 2 = 5.9273, p = 0.01). This dissimilarity between online and offline ties supports our explanation of norms rather than selection effects. Comparisons between online and offline ties are beyond the scope of this paper (such as differences in levels of homophily of offline ties and their comparisons of offline ties among racial/ethnic groups), and future investigations should further explore those differences and similarities. Lastly, while the dataset comes from an ongoing cohort study, sufficient data to examine this question is only currently available from the baseline data. Accordingly, this analysis used cross-sectional data which limits our causal interpretations.
Conclusion
This research presents important implications for future investigations into network drivers of HIV among YMSM in VSs. Racial/ethnic homophily in sexual networks can perpetuate disparities, as individuals in high HIV prevalence groups (such as BMSM) are more likely to have sex with others in the same group. Thus, for interventions that are implemented within a certain VS (such as Grindr), researchers must be cognizant of the groups of MSM that actually frequent a virtual space, as well as the types of partnerships that are formed in that space. This study has shown that both of those properties can vary significantly between virtual spaces.
More work is needed to study the determinants of racial/ ethnic homophily, especially with respect to how MSM of color negotiate finding sexual partners in spaces where they are less desired as partners and how MSM of color navigate heterophilous partnerships. Although there have been many investigations into heterophilous partnerships, these remain understudied with respect to networks and spaces [41, 42] . As there are many ways to eroticize (or deprecate) people of color, these future investigations should include qualitative approaches as well-in order to tease out the complexities and intersectionalities that sexual minorities of color face in their sex lives and in order to gain a more comprehensive understanding of what causes these widening health inequalities.
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